Molecular determinants of specificity for synthetic nucleoside analogs in the concentrative nucleoside transporter, CNT2.
Members of the concentrative nucleoside transporter (CNT) family (SLC28) mediate the transport of naturally-occurring nucleosides, and nucleoside analog drugs across the plasma membrane of epithelial cells. Each of the three CNT family members has a distinct specificity for naturally occurring nucleosides, and residues that contribute to the specificity of each transporter have been identified. In contrast, the molecular determinants of specificity for synthetic nucleoside analogs are not known. In this study, we take advantage of the large species difference that exists between human and rat CNT2 (hCNT2 and rCNT2) in their ability to transport the nucleoside analog drug cladribine, 2CdA, (rCNT2 > > > hCNT2) to identify the critical domains and amino acid residues that contribute to the observed difference in specificity between CNT2 orthologs. Using chimeric proteins of human and rat CNT2, we determined that the C-terminal half of CNT2 contained the determinants of 2CdA selectivity. We replaced key residues in the C terminus of hCNT2 with the equivalent residue in rCNT2. One residue in the C-terminal portion of CNT2 was found to significantly contribute to 2CdA selectivity: hCNT2-S354A. This mutant caused an increase of 5-6-fold over hCNT2. The 2-chloro pharmacophore, rather than the 2'-deoxyribose was responsible for the reduced 2CdA uptake by hCNT2. Our data are consistent with a model in which an increased capability for hydrogen bonding in critical amino acids that reside in the C terminus of rCNT2 contributes to its enhanced selectivity for 2CdA.